The astrocyte inhibition of peripheral nerve regeneration is reversed by Schwann cells.
Schwann cell transplantation into the lesioned or demyelinated central nervous system (CNS) is being extensively explored as an approach to favorably influencing repair in the CNS. Under a variety of circumstances, however, the CNS glial microenvironment appears to offer an unfavorable terrain for the promotion of neurite elongation and for Schwann cell differentiation. Due to the heterogeneity of the cellular contents at injury sites, the specific role of each cell type present in limiting Schwann cell function is unclear. The damaged peripheral nervous system, a system capable of substantial regeneration (and free of the potentially negative influence of oligodendrocytes), represents a valuable model in which to specifically evaluate the influence of astrocytes on Schwann cell function. In the present study, purified cortical astrocyte populations were seeded into semipermeable guidance channels alone or in combination with adult Schwann cell populations to determine their effects on regeneration across an 8-mm gap in the transected sciatic nerve of the adult rat. Channels were prepared with (or without) a defined cellular content, implanted in inbred Lewis rats and evaluated after 3 weeks. Channels seeded with astrocytes alone impeded regeneration, regardless of the maturity of the astrocytes (7-8 days vs 28 days in culture) and their seeding density (40 vs 80 x 10(6) cells/ml). On the other hand, Schwann cells derived from adult sciatic nerve seeded at similar densities enhanced the regenerative process. Regenerative capacity was diminished when astrocytes were combined with Schwann cells; the rate of regeneration increased as the number of Schwann cells in the astrocyte/Schwann cell mixture increased. Immunostaining of the nerve stumps related to astrocyte-seeded channels and of the regenerated tissue in the astrocyte-Schwann cell-seeded channels indicated that astrocytes had migrated into the proximal nerve stump; only a few astrocytes remained within the regenerated cable. The present experiments show that although astrocytes alone inhibit nerve regeneration, Schwann cells are able to partially overcome this inhibition if they are provided in sufficient numbers. We believe these observations will be valuable in considering clinical strategies to use autologous Schwann cell transplantation to influence CNS regeneration.